We analyzed healthy human skin for the presence of endogenous antimicrobial proteins that might explain the unusually high resistance of human skin against infections. A novel 14.5-kDa antimicrobial ribonuclease, termed RNase 7, was isolated from skin-derived stratum corneum. RNase 7 exhibited potent ribonuclease activity and thus may contribute to the well known ribonuclease activity of human skin. RNase 7 revealed broad spectrum antimicrobial activity against many pathogenic microorganisms and remarkably potent activity (lethal dose of 90% < 30 nM) against a vancomycin-resistant Enterococcus faecium. Molecular cloning from skinderived primary keratinocytes and purification of RNase 7 from supernatants of cultured primary keratinocytes indicate that keratinocytes represent the major cellular source in skin and that RNase 7 is secreted. RNase 7 mRNA expression was detected in various epithelial tissues including skin, respiratory tract, genitourinary tract, and at a low level, in the gut. In addition to a constitutive expression, RNase 7 mRNA was induced in cultured primary keratinocytes by interleukin-1␤, interferon-␥, and bacterial challenge. This is the first report demonstrating RNases as a novel class of epithelial inducible antimicrobial proteins, which may play an important role in the innate immune defense system of human epithelia.
The epithelia of macroorganisms represent the first barrier against invading harmful microorganisms. Therefore macroorganisms have to develop strategies to prevent microorganisms from entering the epithelia. It has been shown that the epithelia of plants, invertebrates, and vertebrates have the capacity to release antimicrobial proteins that rapidly kill invading microorganisms (1) . Recent investigations have demonstrated that human epithelia also mount an innate chemical defense system by producing antimicrobial peptides, thus offering a fast response to invading microorganisms (2) .
The increasing number of reports demonstrating the expression of antimicrobial peptides in human skin reflects the significance of antimicrobial proteins in a cutaneous innate chemical defense system. A member of the cathelicidin family, the serine protease inhibitor antileukoprotease, a novel anionic peptide called dermcidin, and three members of the ␤-defensin family have been reported to contribute to a human skin defense system.
Proteolysis of the 20-kDa precursor of the human cathelicidin, named hCAP-18, forms the antimicrobial active, ␣-helical 37-amino acid-containing antimicrobial peptide LL-37. This antimicrobial peptide is expressed in inflamed skin but not in normal skin (3) .
The human serine protease inhibitor antileukoprotease was isolated from human stratum corneum and detected in supernatants of cultured human primary keratinocytes. In addition to its antiprotease activity, antileukoprotease exhibits high antimicrobial activity against a broad range of microorganisms, indicating that antileukoprotease contributes to the high resistance of the epidermis against infections and proteolysis (4).
Dermcidin is a novel anionic antimicrobial peptide produced exclusively by human sweat glands (5) . This proteolytically processed antimicrobial peptide is secreted into the sweat, and its antimicrobial activity is not affected by the low pH value and high salt concentrations of human sweat.
One major class of human skin antimicrobial peptides comprises the ␤-defensins, small (4 -5 kDa) cationic antimicrobial peptides. Three human ␤-defensins (hBD-1, hBD-2, and hBD-3) have been demonstrated to be expressed in human skin. The first human ␤-defensin, hBD-1, was originally purified from hemofiltrates (6) , and constitutive mRNA expression has been detected in various epithelia (7) (8) (9) (10) . In human skin hBD-1 transcripts have been identified in suprabasal keratinocytes and in sweat ducts within the dermis (11) . As yet, however, there is no report demonstrating that bioactive hBD-1 peptide can be extracted from human skin.
Two other human ␤-defensins, hBD-2 and hBD-3, have been isolated from lesional psoriatic skin (12, 13) . In human keratinocytes, hBD-2 and hBD-3 gene expression is highly up-regulated by bacteria and proinflammatory cytokines (12) (13) (14) (15) . This might be the reason why inflamed skin (i.e. psoriatic skin) contains high amounts of hBD-2 and hBD-3, whereas healthy skin contains only low amounts, if any, of these ␤-defensins (12, 13, 15) .
To gain more insight into the production of antimicrobial proteins by healthy skin, we biochemically analyzed the extracts obtained from a healthy person's stratum corneum for the presence of antimicrobial proteins. As a result, we report here the discovery of a novel human epithelial and highly antimicrobial active RNase termed RNase 7 as a major antimicrobial protein of healthy skin.
EXPERIMENTAL PROCEDURES
Culture of Epithelial Cells-Foreskin-derived keratinocytes and primary airway epithelial cells were prepared and cultured as described * This work was supported in part by CERIES award (to J.-M. S.), by Deutsche Mukoviszidose e.V., and by Deutsche Forschungsgemeinschaft (Schr 305/2-1, SFB 617). The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact. previously (16, 4) . Supernatants (500 ml) of primary keratinocytes cultured in bovine pituitary extract-free keratinocyte growth medium (Clonetics) were collected for purification of antimicrobial factors. For stimulation and subsequent RNA isolation, primary keratinocytes and tracheal and bronchial epithelial cells were cultured in 6-well tissue culture plates (9.6 cm 2 /well, Falcon). Second passage cells were used at 70 -80% confluence. After removal of growth medium and two washes with phosphate-buffered saline, cells were cultured in bovine pituitary extract-free KGM medium for 24 h and were subsequently stimulated with recombinant cytokines (PeproTech) or heat-killed bacteria (65°C, 45 min).
Purification and Characterization of RNase 7-Stratum corneum derived from the heel (50 g) was extracted with acidic ethanolic citrate buffer as described previously (17) . Stratum corneum extracts or the supernatants of cultured primary keratinocytes were diafiltrated against equilibration buffer (10 mM Tris citrate, pH 7.4) using Amicon YM3 filters and then applied to a heparin affinity column (1-ml HiTrap TM , Amersham Biosciences), which was previously equilibrated with equilibration buffer. Heparin affinity column bound material was then eluted using 10 ml of 2 M NaCl in equilibration buffer at a flow rate of 1 ml/min. Eluted material was diafiltered against 0.1% trifluroacetic acid, pH 3, and applied to a preparative wide-pore RP-8-HPLC 1 column (300 ϫ 7 mm, C 8 Nucleosil, 250 ϫ 12.6 mm, Macherey and Nagel) that was previously equilibrated with 0.1% (v/v) trifluroacetic acid in high performance liquid chromatography (HPLC) grade water containing 20% (v/v) acetonitrile. Proteins were eluted with a gradient of increasing concentrations of acetonitrile containing 0.1% (v/v) trifluroacetic acid (flow rate of 2 ml/min). Aliquots (10 -30 l) of each fraction were lyophilized, dissolved in 5 l of 0.01% (v/v) aqueous acetic acid, and tested for antimicrobial activity against Staphylococcus aureus and Escherichia coli using a radial diffusion plate assay (18) .
Fractions containing antimicrobial activity were further purified by cation exchange HPLC followed by RP-18-HPLC as described for purification of hBD-2 (16). Electrophoretic mobility was investigated using SDS-PAGE in the presence of 8 M urea and Tricine (19) under nonreducing conditions as described for chemokines (20) . Proteins were visualized by silver staining (19) .
Protein sequencing was done using a pulsed liquid phase 776 automated protein sequencer (PerkinElmer Life Sciences). Nanoelectrospray ionization mass spectrometry analyses were performed in the positive ionization mode with a QTOF-II Hybrid-mass spectrometer (Micromass).
Antimicrobial Assays-Antimicrobial activity of the resulting HPLC fractions was determined using a radial diffusion agarose assay system (18, 21) . Antimicrobial activity of purified RNase 7 was estimated using a microdilution assay system (13) . Briefly, test organisms were incubated with various concentrations of RNase 7 in 100 l of 10 mM sodium phosphate buffer (pH 7.4) containing 1% (v/v) trypticase soy broth for 3 h at 37°C. The antibiotic activity of RNase 7 was analyzed by plating serial dilutions of the incubation mixtures and determining the number of colony-forming units (CFUs) the following day. The limit of detection (1 colony per plate) was equal to 1 ϫ 10 2 CFU/ml. Analysis of Cytotoxic Activity-Primary keratinocytes were seeded in a 96-well tissue culture plate (Falcon, 10 4 cells/well) and incubated with 200 g/ml RNase 7 in bovine pituitary extract-free KGM medium for 16 h. After incubation, cell death was determined by measuring lactate dehydrogenase activity released from the cytosol of damaged cells into the supernatant using the cytotoxicity detection kit (Roche Molecular Biochemicals). Addition of 0.1% Triton X-100 served as a positive control.
Enzymatic Activity of RNase 7-The ribonuclease activity of RNase 7 was determined against a standard yeast tRNA substrate as described previously (22) . Briefly, 8 pmol of RNase 7 was incubated in 0.8 ml of 40 mM sodium phosphate, pH 7.0, containing varying concentrations (4 -40 g) of yeast tRNA (Sigma) at 37°C. The reaction was stopped by the addition of 0.5 ml of 20 mM lanthanum nitrate with 3% perchloric acid, and insoluble tRNA was removed by centrifugation for 10 min at 12,000 ϫ g. The amount of solubilized tRNA was determined by measuring the absorbance at 260 nm, with an absorbance of 1.0 corresponding to 40 g of RNA. Michaelis constants (K m (M)) and turnover numbers (k cat (s Ϫ1 )) were determined from the appropriate intercepts of double reciprocal (Lineweaver-Burk) plots as described (22) .
Cloning of RNase 7 cDNA from Primary Keratinocytes-Total RNA obtained from primary human keratinocytes was reverse-transcribed using standard reagents (Invitrogen). A 3Ј-RACE (rapid amplification of cDNA ends) strategy (23) was used to amplify an RNase 7 specific sequence from the cDNA. Two degenerate primers (5Ј-TGTTTTAA (A/G)AT(C/T)CAGCA(C/T)ATG-3Ј and 5Ј-CA(A/G)TGTTTTAA(A/G)AT-TCAGCA-3Ј) were designed based on RNase 7 amino acid sequence data and used as sense primers for 3Ј-RACE. The amplified products were subcloned and sequenced. Isolation of the full-length cDNA was achieved using the 5Ј-RACE system (Invitrogen) according to the manufacturer's protocol.
Analysis of RNase 7 Gene Expression-Real-time RT-PCR analyses were performed in a fluorescence temperature cycler (LightCycler, Roche Molecular Biochemicals) according to the manufacturer's instructions. Briefly, total RNA from cultured epithelial cells was isolated using TRIzol reagent (Invitrogen), and 2 g of total RNA was reversetranscribed using standard reagents (Invitrogen). The cDNA corresponding to 20 ng of RNA served as a template in a 20-l reaction containing 4 mM MgCl 2, 0.5 M each primer, and 1ϫ LightCyclerFastStart DNA Master SYBR Green I mixture (Roche Molecular Biochemicals).
FIG. 1. Identification and purification of RNase 7.
A, heparin affinity column-bound proteins of stratum corneum extracts were separated by RP-8-HPLC, and the fraction containing high titer antimicrobial activity (arrow) was purified to homogeneity by microcation exchange HPLC (not shown) followed by analytical C 18 -RP-HPLC (B). Tricine-SDS-urea-PAGE of the resulting peak and silver staining revealed a single band migrating as a 17-kDa peptide (B, inset). C, NH 2 -terminal amino acid sequencing of 25 residues (single letter code, X ϭ not identified) revealed a novel protein sequence. D, nanoelectrospray mass spectrum of the purified protein, which revealed a transformed exact mass of 14,546.063 Da.
Samples were incubated for an initial denaturing at 95°C for 10 min, followed by 45 cycles, each cycle consisting of 95°C for 15 s, 60°C (touchdown of Ϫ1°C/cycle from 66 -60°C) for 5 s, and 72°C for 10 s. Cycle-to-cycle fluorescence emission readings were monitored at 72°C at the end of each cycle and analyzed using LightCycler Software (Roche Molecular Biochemicals). Melting curves were generated after each run to confirm amplification of specific transcripts. RNase 7 intron-spanning primers were derived from the chromosome 14-derived bacterial artificial clone R-998D10 of library RPCI-11, GenBank TM /EBI accession number AL161668 (forward primer: nucleotide position 95749 -95769, 5Ј-GGAGTCACAGCACGAAGACCA-3Ј; reverse primer: nucleotide position 96472-96493, 5Ј-CATGGCTGAGTTGCATGCT-TGA-3Ј). Amplification using these primers resulted in a 235-base pair fragment. Whereas the reverse primer does not differentiate between RNase 7 and the highly related RNase 8, the forward primer is specific for RNase 7. We verified the specificity of the RNase 7 PCR products by direct sequencing and by cutting the 235-base pair PCR product with the restriction enzyme Sau3AI, resulting in 97-and 138-base pair fragments. (A recognition sequence for Sau3AI is located only in the RNase 7 gene, not in the RNase 8 gene.)
All quantifications were normalized to the housekeeping gene GAPDH that was amplified by intron-spanning primers: GA1, 5Ј-CCAGCCGAGCCACATCGCTC-3Ј; and GA2, 5Ј-ATGAGCCCCAGCCT-TCTCCAT-3Ј. Standard curves were obtained for each primer set with serial dilutions of cDNA.
For determination of RNase 7 mRNA in different tissues, total RNA was isolated from human skin, larynx, pharynx, adenoid, polyp, tonsil, and tongue using the TRIzol reagent (Invitrogen). All other RNAs were obtained from Clontech (Palo Alto, CA). Real-time RT-PCR was carried out as described above.
RESULTS

Isolation of a Novel Antimicrobial Protein from Healthy
Skin, RNase 7-To investigate human skin for the presence of antimicrobial proteins, we analyzed extracts of stratum corneum derived from a healthy person's heel callus for antimicrobial activity. Crude extracts contained antimicrobial activity against E. coli and S. aureus. When the extracts were applied to a heparin affinity column we found that the majority of antimicrobial activity bound to the affinity column. Bound proteins were then separated by preparative reversed-phase C 8 HPLC, and HPLC fractions were analyzed for antimicrobial activity against S. aureus (Fig. 1A) . One of the HPLC fractions, which was found to contain high antimicrobial activity, was further purified using microcation exchange HPLC (data not shown) and microreversed-phase C 18 HPLC (Fig. 1B) . Tricine-SDS-urea-polyacrylamide gel electrophoretic analyses revealed a single band migrating like a 17-kDa polypeptide (Fig. 1B,  inset) . Nanoelectrospray ionization mass spectrometry revealed an exact molecular mass of 14,546.06 Da (Fig. 1D) . NH 2 -terminal amino acid sequence analyses by Edman degradation gave the sequence shown in Fig. 1C , which indicated a new human antimicrobial protein. Using degenerated primers, the complementary DNA (cDNA) was isolated from primary keratinocytes. This cDNA (sequence data have been submitted to the GenBank TM /EBI data bank under accession numbers AJ131212 and AJ306608) encodes a 156-amino acid precursor and a 128-amino acid-containing mature protein (Fig. 2A) . The protein showed greatest similarity to the human RNase A superfamily members (Fig. 2B ). Because this protein was ultimately identified as a member of the RNase A superfamily, we termed this novel protein RNase 7.
Using the purification procedure as described above, we were able to isolate ϳ200 -300 g of pure RNase 7 from 50 g of human stratum corneum.
RNase 7 Exhibits High Enzymatic Activity-The high sequence similarity of RNase 7 to members of the RNase A superfamily suggested that RNase 7 might exhibit ribonuclease activity. To test this hypothesis, we analyzed RNase 7 for its ability to digest yeast tRNA in a standard assay. (Fig. 3) . Furthermore, RNase 7 exhibited extremely high activity against vancomycin-resistant E. faecium (lethal doses that achieve a CFU reduction of 90%, LD 90 Ͻ 0.03 M, Fig. 3) .
No cytotoxic activity toward keratinocytes was observed, not even at high RNase 7 concentrations up to 200 g/ml (data not shown).
RNase 7 Is Expressed in Various Epithelial
Tissues-To investigate the tissue distribution of RNase 7 mRNA expression, we analyzed mRNA obtained from various body sites by realtime RT-PCR. Gene expression was detected in most of the analyzed tissues including skin, respiratory tract, and genitourinary tract (Fig. 4A) . Weak expression was seen in tissues of the gastrointestinal tract including stomach, small intestine, and colon.
To investigate the cellular origin of RNase 7 in human skin and in the respiratory tract, we first analyzed cultured primary keratinocytes as well as respiratory epithelial cells for RNase 7 mRNA expression using conventional RT-PCR. We found that cultured primary keratinocytes as well as primary nasal, bronchial, and nasal epithelial cells, but not skin-derived fibroblasts, expressed RNase 7 mRNA (not shown).
We then investigated whether keratinocytes release RNase 7 protein. HPLC analyses of cationic proteins secreted by cultured primary keratinocytes led to the isolation of an antimicrobial protein showing identical biochemical properties, including the exact mass of RNase 7 (14,546 Da) as revealed by nanoelectrospray mass spectrometry. We were able to purify ϳ10 g of RNase 7 from the culture supernatants of ϳ5 ϫ 10 8 unstimulated primary keratinocytes, indicating that skin keratinocytes release RNase 7.
RNase 7 Gene Expression Is Induced in Primary Keratinocytes by Proinflammatory Cytokines and Infectious Stimuli-
We next investigated the effect of various proinflammatory cytokines and bacteria on the RNase 7 gene expression in cultured primary keratinocytes by real-time PCR. The low basal gene expression of RNase 7 increased 7-fold upon treatment with 10 ng/ml interferon ␥ and 8.5-fold by 10 ng/ml interleukin 1␤. Application of 10 ng/ml tumor necrosis factor ␣ led only to a 2.5-fold induction of RNase 7 gene expression (Fig. 4B) . The contact of keratinocytes with 10 7 colony-forming units/ml of heat-inactivated P. aeruginosa for 16 h induced the RNase 7 gene expression 9-fold, whereas S. aureus, E. coli, and Streptococcus pyogenes gave rise to 3-fold, 2-fold and 2.1-fold increases, respectively (Fig. 4C) .
DISCUSSION
With the recent discovery of two inducible epithelial antimicrobial peptides, human ␤-defensin-2 and -3, from lesional scales of psoriatic patients' inflamed skin, we hypothesized that healthy skin might also constitutively produce antimicrobial peptides and proteins that may participate in a cutaneous defense system. To address this question specifically, we analyzed extracts obtained from a healthy person's stratum corneum for the presence of antimicrobial factors.
As a result, we report here the isolation of a novel antimicrobial protein with a broad spectrum of high antimicrobial activity. Amino acid sequence analysis and cloning of the corresponding cDNA revealed that this novel protein has a high similarity to the members of the RNase A superfamily. We termed this novel protein RNase 7, because it was the seventh discovered member of the human RNase A superfamily.
Nanoelectrospray mass spectrometry revealed an exact molecular mass of 14,546 Da for RNase 7, which is 8 Da less than the theoretical mass calculated from the deduced amino acid sequence (14,553.9 kDa), suggesting that the 8 cysteine residues of RNase 7 are connected through 4 disulfide bridges.
After we had submitted the cDNA sequence for RNase 7 (GenBank TM /EBI accession numbers AJ131212 and AJ306608), a human genome data bank search revealed that RNase 7 is located on a bacterial artificial chromosome clone derived from chromosome 14 (GenBank TM /EBI accession number NT_019583), a region where all known RNase A superfamily members are located. Very recently the eighth member of the RNase A superfamily, RNase 8, has been discovered by screening the human genome sequence (25) . RNase 7 and RNase 8 share an amino acid sequence similarity of 78% and a genomic distance of only 15,000 bp, suggesting that they may have evolved from a common ancestor gene by a duplication event. However, although these proteins show a very high similarity in their gene and protein sequence, their physiolog-FIG. 3. RNase 7 exhibits broad spectrum antimicrobial activity. For analysis of antimicrobial activity, various microorganisms were incubated for 3 h at 37°C in 100 l of 10 mM sodium phosphate buffer (pH 7.4) containing 1% trypticase soy broth and the indicated concentrations of RNase 7. To determine the number of CFUs, serial dilutions were plated and colony counts were performed the following day. Data present means Ϯ S.E. of triplicate samples.
ical roles seem to be completely different. RNase 8 mRNA has been shown to be expressed uniquely in the placenta, and no antibacterial/antiviral activity could be detected with recombinant material (25) . In contrast, we found that RNase 7 mRNA is expressed in many epithelial tissues and that it exhibits a broad spectrum of efficient antimicrobial activity at low micromolar concentrations against various pathogenic microorganisms, including S. aureus, P. aeruginosa, P. acnes, and C. albicans (lethal doses that achieve a CFU reduction of 90% (LD 90 ) ϭ 0.75-1.5 M).
RNase 7 is the second member of the human RNase A superfamily that is known to contain antibacterial activity. It has been demonstrated that the eosinophil-derived RNase ECP (eosinophil cationic protein/RNase 3) exhibits antimicrobial activity against S. aureus and E. coli with activity (LD 90 ϳ0.5-1 M) (26) similar to that observed for RNase 7. Interestingly, RNase 7 is a highly cationic protein (theoretical pI ϭ 10.1). In the case of ECP it has been discussed that its high positive charge (pI Ͼ 11) may be relevant for its antimicrobial activity. It remains to be determined whether the cationic properties of RNase 7 are of importance for its antimicrobial activity.
It might be of particular importance that RNase 7 is highly active in killing vancomycin-resistant E. faecium (LD 90 Ͻ 0.03 M). RNase 7 is on a molar basis more active against vancomycin-resistant E. faecium than human ␤-defensin-3 (LD 90 ϳ0.5 M) (13) , indicating that RNase 7 may kill these bacteria in a different manner. The very potent antimicrobial activity of RNase 7 against multiresistant bacteria supports the idea that RNase 7 might be a useful agent to treat infections caused by antibiotic resistant bacteria.
Detection of RNase 7 gene and protein expression in primary keratinocytes together with its high abundance in stratum corneum as well as its broad spectrum of high antimicrobial activity strengthens the hypothesis that RNase 7 may participate in cutaneous innate immunity and may help to keep human skin healthy. This is the first report demonstrating that a member of the RNase A superfamily is expressed in human skin. The finding that RNase 7 is enzymatically active links it with the well known phenomenon that human skin contains ribonuclease activities, which make it necessary to take special precautions when performing experiments with RNA (i.e. by wearing gloves). Interestingly, the molecular structures of these ribonuclease activities have not yet been reported. Our data support the hypothesis that RNase 7 may be at least in part responsible for the high ribonuclease activities associated with human skin.
We could demonstrate that in addition to human skin RNase 7 mRNA is expressed in primary nasal, tracheal, and bronchial epithelial cells, implicating a potential role of RNase 7 also for the innate immunity of the human respiratory tract. Furthermore RNase 7 mRNA is expressed in various epithelial tissues including those of the gastrointestinal tract and genitourinary tract.
The hypothesis that RNase 7 may play an important role in a cutaneous antimicrobial defense system is strengthened by the observation that contact of keratinocytes with bacteria induced RNase 7 gene expression, a finding that is known for other epithelial antimicrobial proteins like the human ␤-defensins, hBD-2 (12), hBD-3 (13), and hBD-4 (27) . RNase 7 is the first member of the human RNase A superfamily that is known to be induced upon microbial stimulation.
The finding that RNase 7 exhibited both antimicrobial and ribonuclease activity gave rise to the speculation that the enzymatic activity is required for antimicrobial activity. For ECP it has been shown that its ribonuclease activity is not essential for antibacterial activity (28) . Further investigations will show whether ribonuclease-inactive RNase 7 retains its antimicrobial activity.
It has been reported that the ribonuclease activity of the antiviral eosinophil-derived RNase 2/EDN and RNase 3/ECP is essential for their antiviral activity against respiratory syncytial virus (24, 29) . Therefore one could speculate that the ribonuclease activity of RNase 7 may also be necessary for activity against viruses. However, in initial experiments we did not observe antiviral activity of RNase 7 against herpes simplex FIG. 4 . Tissue distribution and regulation of RNase 7 mRNA expression. A, RNA from various tissues was reverse-transcribed, and RNase 7 gene expression was analyzed by realtime PCR. Bars represent the relative RNase 7 transcript levels normalized to GAPDH transcript levels. B, cultured human primary keratinocytes were stimulated with the indicated cytokines (10 ng/ml) for 16 h, and RNase 7 mRNA expression was analyzed by real-time PCR. Bars represent the relative RNase 7 transcript levels normalized to GAPDH transcript levels. Data present means Ϯ S.E. of triplicate samples. The transcript levels between unstimulated keratinocytes and the cytokine-stimulated keratinocytes were significantly different (p Ͻ 0.05, Student's t test). C, cultured human primary keratinocytes were stimulated with the indicated bacteria (10 7 /ml, heat-inactivated) for 16 h, and gene expression was analyzed by real-time PCR. Bars represent the relative RNase 7 transcript levels normalized to GAPDH transcript levels. Data present means Ϯ S.E. of triplicate samples. The transcript levels between unstimulated keratinocytes and the bacteria-stimulated keratinocytes were significantly different (p Ͻ 0.05, Student's t test). TNF, transforming growth factor; IFN, interferon; IL, interleukin.
virus-1. 2 Further experiments need to be performed with other viruses to elucidate whether RNase 7 is important as an innate antiviral effector molecule.
The role and physiological function of members of the human RNase A superfamily is not fully understood. The antiviral activity of EDN and ECP and the antibacterial and helminthotoxic activity of ECP suggests that these eosinophil-derived RNases may contribute to an eosinophil-mediated antimicrobial defense system (30) . Furthermore, it has been shown that RNase 5 exhibits angiogenic activity (31) . Therefore it remains to be determined whether RNase 7 exhibits other physiological functions than to be a major epithelial antimicrobial component.
In conclusion, the isolation of a novel epithelial-derived antimicrobial RNase identifies RNases as a novel class of endogenous epithelial antimicrobial proteins that may play an important role in the innate immunity of human epithelia and offer an immediate host response against infectious agents. It is interesting to speculate that in patients suffering from recurrent epithelial infections the production of epithelial-derived antimicrobial proteins like RNase 7 might be disturbed.
Finally, the discovery of human epithelial antimicrobial proteins like RNase 7 may further inspire the development of new strategies for the treatment of infectious diseases in which conventional antibiotics fail because of the emergence of resistant bacteria.
